In this work, a non-enzymatic hydrogen peroxide sensor has successfully been realized based on Ag nanoparticles doped carbon modified carbon paste electrode (AgNPs/C-CPE) in pH = 7 phosphate buffer solution (PBS). The Ag nanoparticles doped carbon composites (AgNPs/C) were synthesized by a simple one-step carbonization method using sucrose with AgNO 3 as the carbon precursor. AgNPs/C-CPE for electrochemical responds of hydrogen peroxide was explored by using cyclic voltammetry (CV) and amperometry. Besides, contents of AgNPs and pH values were optimized. The AgNPs/C-CPE containing 13.5 wt% AgNPs exhibits the highest electrocatalytic activity for the detection of hydrogen peroxide in pH = 7 PBS. At an applied potential of 0 V, the non-enzymatic sensor of hydrogen peroxide also showed a good linear relationship in a wide concentration range of 0.5-400 µM with a correlation coefficient of 0.9987, a detection limit of 0.3 μM at a signal-to noise ratio of 3, and a high sensitivity of 309.4 μA cm -2 mM -1 . The amorphous carbon-supported AgNPs not only avoided the use of chemical reductants but also improved the electrocatalytic activity and stability of Ag NPs.
INTRODUCTION
In recent years, the determination of hydrogen peroxide has been a considerable increase of interest in the design and development of new methods. A rapid, accurate and reliable determination of hydrogen peroxide is an important topic in many fields including food industry [1, 2] , pharmaceutical [3] , clinical [2] and environmental analysis [4, 5] .
Many techniques have been employed for this purpose, such as chemiluminescence [6] , chromatography [7] , titrimetry [8] and electrochemistry [9] . Among these methods, electrochemistry methods based on enzyme-based biosensors have also been developed extensively due to their simplicity, high sensitivity and selectivity [10] [11] [12] . However, there are several disadvantages for enzymes-based hydrogen peroxide biosensors, such as instability, high cost of enzymes, complicated immobilization procedures and limited lifetime [13] . To avoid these problems, a number of studies have been carried out to develop the nonenzymatic sensors with low detection limit and wide respond range [14, 15] .
Nowadays, metal nanoparticles (NPs), play an important role in improving nonenzymatic sensors performance. In recent years, Ag nanoparticles with the small particle diameter and the large specific surface area have been used as electrocatalysis of hydrogen peroxide [16, 17] and display a high electrocatalytic activity. But the size, shape and distribution of as-prepared AgNPs usually depend on the supporting materials. The composites structures contained the supporting materials and AgNPs have been successfully used as the determination of hydrogen peroxide, such as AgNPs/polydopamine, AgNPs/ionic liquid functionalized multiwalled carbon nanotube, AgNPs/vinyl polymer, AgNPs/ graphene, etc. [16] [17] [18] [19] [20] [21] [22] . Besides, porous carbon have also been employed as catalyst supports of AgNPs due to their abundant porous structures and large internal surface [23] .
Herein, an important consideration is the select of supporting materials, which can improve the dispersive property and decreasing size of AgNPs. For example, the amorphous carbon-supported silver nanoparticles for electrochemical nonenzymatic H 2 O 2 sensing exhibited excellent catalytic activity with high sensitivity and low detection limit [24] . Mao [25] et al. introduced Core-shell structured Ag@C for direct electrochemistry and hydrogen peroxide biosensor applications. The coreshell structure of Ag@C enhanced the reproducibility and long-term stability for application in the fabrication of biosensors due to its direct electrochemistry and functionalized surface for efficient immobilization of bio-molecules.
In this paper, we have fabricated a rapid, nontoxic and inexpensive nonenzymatic hydrogen peroxide biosensor based on a simple synthetic route towards synthesis and stabilization of AgNPs using carbonization of sucrose, AgNO 3 and sodium citrate mixtures. Importantly, the as-synthesized AgNPs/carbon (AgNPs/C) nanocomposites exhibit excellent catalytic activity for electrocatalytic hydrogen peroxide reduction.
EXPERIMENTAL SECTION

Reagents and apparatus
Hydrogen peroxide solution (30 wt.%) was purchased from Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). Silver nitrate, sodium citrate, HNO 3 X-ray power diffraction (XRD) was used to confirm the presence of Ag phase. XRD patterns of the samples were collected on a Japan Rigaku D max 2000 X-ray diffractometer with Cu Kα radiation (λ=0.154178nm). The morphology of the AgNPs/C was obtained with Hitachi H-800 transmission electron microscopy (TEM). Infrared spectrum of the sample was recorded with Perkin-EImer Spectrum One FTIR spectrophotometer in the 400-4000 cm -1 region using a sample on the KBr plate.
Preparation of nano-silver doped carbon modified carbon paste electrode
AgNPs/C nanocomposites were synthesized via a carbonization of sucrose, AgNO 3 and sodium citrate mixtures. 51 mg of AgNO 3 , 1.0 g of sucrose and 50 mg of sodium citrate were sequentially dissolved in 50 mL of HNO 3 aqueous solution (2 M) to form a clear solution. Then, the mixed solution was stirred and heated to 110 °C for 5 h, dried in a vacuum oven at 60 ° C for 12h. The products were obtained by the calcinations of dried mixture at 550 ° C for 4 h in N 2 atmosphere. In order to highlight the performance of AgNPs/C composite, the samples of different silver contents were obtained through adding different mass of AgNO 3 .
The samples slurries were prepared by 80 wt.% active material, 10 wt.% carbon black and 10 wt.% paraffin wax together with an adequate amount of ethanol solvent with the ultrasonic for 0.5 h and then coated onto carbon paste electrode. The carbon paste electrode was dried at 120 ° C under vacuum for more than 10 h. The as-prepared electrode from AgNPs/C was denoted as AgNPs/C-CPE.
Electrochemical measurement
Electrochemical measurement was performed with a CHI660D electrochemical analyzer (Shanghai Chenhua Instruments Co., China) in a conventional three-electrode cell. The working electrodes were modified nano-silver doped carbon electrodes. Platinum wire was used as the counter electrode and a saturated calomel electrode (SCE) as the reference electrode. All potentials were measured and reported versus SCE. All electrochemical experiments were carried out at room temperature. 0.2 M phosphate buffer solution (PBS, pH = 7.0) was used as the supporting electrolyte for hydrogen peroxide determination, and moreover, purged with nitrogen for at least 15 min to remove oxygen prior to experiments. The detection limit (LOD) was calculated as three times the standard deviation of the blank solution (10 times)/slope of the analytical curve according to IUPAC recommendation [26] .
RESULTS AND DISCUSSION
Characterizations of AgNPs/C
TEM was applied to study the morphologies of AgNPs/C nanocomposites. As shown in Fig. 1 , a spherical morphology of the as-prepared AgNPs can be observed. The AgNPs are embedded in carbon matrix and highly dispersion. The inset in Fig. 1 shows that the average particle size of AgNPs with a narrow particle size distribution (9-29 nm) is 14 nm. With the increase of Ag content, the particle sizes of AgNPs are gradually enlarged (Fig. 1b and c) . Moreover, the obvious agglomerations of AgNPs present when Ag content is high.
X-ray diffraction pattern of AgNPs/C nanocomposites was tested to identify the structure of the metal particles. In Fig. 2 , the reflection peaks of AgNPs/C sample located at 38.1°, 44.3°, 64.4° and 77.5° are assigned to the (111), (200), (220) The reaction of the surface Ag nanoparticles can be hindered due to the reaction of the active groups, such as C=C and C-O-C [27] .
Effect of the ratio of Ag nanoparticles in carbon matrix
To optimize the electrocatalytic response of the AgNPs/C-CPE for hydrogen peroxide, the Agcarbon mass ratios between 0 and 23.6 were studied for 1 mM hydrogen peroxide in 0.2 M PBS (pH = 7.0). Fig. 4 shows no obvious redox current peaks at carbon composite electrode without Ag nanoparticles present, however, the distinct increased redox current peaks appear at the electrodes with different contents of Ag, showing that Ag nanoparticles play an important role to accelerate the electron transfer and electrocatalytic behavior [27] . The oxidative peak potentials increase from 0.49 to 0.52 V and the reductive peak potentials decrease from 0.04 to -0.03 V for Ag-containing samples, exhibiting a similar redox potentials for reduction of hydrogen peroxide at silver nanoparticles embedded phosphomolybdate-polyaniline composite electrode [28] . The largest peak currents of hydrogen peroxide are obtained at the Ag content of 14.5% in AgNPs/C composites, which is due to the agglomeration of Ag nanoparticles in largely Ag-carbon mass ratio and small contact surface in tiny Ag-carbon mass ratio, respectively. Thus, the Ag-doped carbon composites containing Ag of 14.5 wt. % is selected for hydrogen peroxide detection.
Cyclic voltammetric behaviors of hydrogen peroxide at AgNPs/C-CPE
The electrochemical response of hydrogen peroxide was investigated by cyclic voltammetry of AgNPs/C-CPE in a nitrogen saturated 0.2 M PBS (pH = 7.0) solution with and without 1 mM hydrogen peroxide. As shown in Fig. 5a , the CV curve of AgNPs/C-CPE exhibits the well-defined oxidation current peak at 0.45 V and reduction current peak at 0.05 V in the absence of 1 mM hydrogen peroxide, which are corresponded to the oxidation of Ag to Ag + and reduction of Ag + to Ag, respectively [29] . Besides, a weak oxidative current in the potential range of 0.21-0.35 V is induced by an oxidative reaction of as-prepared carbon composites with the oxygen-containing surface functional groups [30] . However, Fig. 5b shows that the AgNPs/C-CPE exhibits significantly enhanced current signals in the presence of 1 mM hydrogen peroxide, indicating excellent catalytic ability of AgNPs/C-CPE to oxidation and reduction of hydrogen peroxide. The direct electron transfer behavior between hydrogen peroxide and AgNPs/C-CPE was explored by CV tests. As shown in Fig. 6 , CV curves of the AgNPs/C-CPE shows well-defined peaks at different scan rates from 10mV/s to 200mV/s. With the increase of scan rate, the redox peak currents of the AgNPs/C-CPE increase accordingly. As shown in inset of Fig. 6 , the well linear relations between redox peak currents and square roots of scan rates present, indicating a diffusion-controlled electrochemical process [31] .
Amperometric response of the AgNPs/C-CPE to H 2 O 2
To examine the amperometric responses of the as-prepared nano-silver doped carbon composites electrode, the successive detections of hydrogen peroxide were carried out in the stirring 0.2 M PBS solution. The oxidative potential of 0.4-0.8 V was abandoned because of the interferential oxidative current signals of ascorbic acid (AA), uric acid (UA) and dopamine (DA) (Fig. 7a) . In The typical current-time curves for successive addition of hydrogen peroxide are displayed in Fig. 8 . The current responds reach rapidly well-defined steady-state current within 3 s, indicating a fast amperometric response behavior. However, the current steps in Fig. 8 also showed a more electrocatalytic ability in the region of lower concentration of H 2 O 2 due to the noises become more distinctly with increased concentration of H 2 O 2 . The inset in Fig. 8 Table 1 in terms of linear detection range (LDR), limit of detection (LOD) and sensitivity. A broad linear range at AgNPs/C-CPE is better than those obtained on other electrodes reported recently. Therefore, the AgNPs/C-CPE can be used as a nonenzyme sensor for the detection of hydrogen peroxide with wide linear range, low LOD and high sensitivity.
Reproducibility and repeatability of AgNPs/C-CPE
The reproducibility of AgNPs/C-CPE was investigated by the peak current in response to 1 mM H 2 O 2 . The relative standard deviation (RSD) of the reductive peak current for the same electrode (5 times) was 2.7%, showing the good reproducibility at AgNPs/C-CPE. It still remained 98.7, 97.1 and 92.6% of its initial reductive current response to 1.0 mM H 2 O 2 after the electrode was stored for 5, 10 and 30 day, respectively, suggesting the excellent stability at AgNPs/C-CPE compared with the other electrodes in Table 1 .
CONCLUSIONS
In summary, the AgNPs/C nanocomposite were prepared by a facile method. The as-prepared nanocomposite has been demonstrated to be potential as a new type of H 2 O 2 nonenzymatic sensor with an excellent electrocatalytic activity, especially a high sensitivity (309.4 μA mM -1 cm -2 ), a low detection limit (0.3 μM) and a wide linear range (0.5-400 μM). The result showed that it is promising that such AgNPs/C nanocomposite sensor can be applied to detect hydrogen peroxide. In addition, the method can be further developed to prepare all kinds of metal doped carbon composite materials with a variety of application.
